The UDP-glucuronosylatransferase 1A1 (UGT1A1) gene is involved in the metabolism of estrogen and detoxification of potential carcinogens. The number of TA repeats in the promoter region of UGT1A1 has been linked to breast cancer risk, but results varied by race. We performed a comprehensive assessment of genetic polymorphisms in the UGT1A1 gene, and examined these polymorphisms and TA repeats in relation to breast cancer risk in a case-control study in Nigeria. 512 breast cancer cases and 226 community controls were genotyped for UGT1A1. Compared with high-activity TA repeat genotypes, the odds ratios (OR) for low-activity and moderateactivity genotypes were 0.47 (95% confidence interval CI, 0.26-0.83) and 0.64 (95% CI, 0.39-1.06), respectively, in premenopausal women (P = 0.009 for trend), but no association was observed in postmenopausal women (P = 0.24). The effect of TA repeats was also differentiated by age: the OR was 0.39 (95% CI 0.21-0.71) for lowactivity genotypes and 0.58 (95% CI 0.33-1.00) for moderate-activity genotypes in women \45 years old (P = 0.002 for trend), but no association was observed in women ‡45 years old (P = 0.15). Haplotype analysis showed that UGT1A1 haplotypes were highly diverse with blocked structures. We found a specific haplotype in block 2 that was significantly associated with a 2.1-fold elevated risk (95% CI 1.05-4.39; P = 0.04). In contrast with previous studies, we found low-activity TA repeat alleles were protective against breast cancer among premenopausal indigenous Africans, suggesting that the role of UGT1A1 in breast cancer development may vary by population, presumably due to different environmental and genetic modifier effects.
Introduction
Uridine diphospho-glucuronosylatransferases (UGTs) catalyze the glucuronidation of a large number of substrates to form water-soluble and, in most cases, inactive metabolites that can be more easily excreted [1] . UGT1A1, a member of the UGT superfamily, is involved in the metabolism of estrogens and the detoxification of potential carcinogens [2, 3] , and is expressed in mammary tissue [4] . It is also the primary isoenzyme responsible for glucuronidation of bilirubin, an antioxidant in blood. Therefore UGT1A1 has been considered a good candidate gene in breast carcinogenesis. The number of TA repeats in the TATA box of the promoter region of UGT1A1 gene has been shown to be inversely associated with its transcriptional activity in vitro, with 5 and 6 repeats (*36 and *1, respectively) for high activity, and 7 and 8 repeats (*28 and *37, respectively) for low activity. Homozygosity for UGT1A1*28 has been associated with Gilbert's syndrome, characterized by a mild, chronic unconjugated hyperbilirubinemia in the absence of liver disease [5] .
Several case-control studies have examined TA repeat polymorphisms and breast cancer risk, but the findings have varied by race. Guillemette et al. found that UGT1A1*28 and UGT1A1*37 alleles were associated with a 1.8-fold increased risk in premenopausal African Americans [4] , but they did not find similar relationship in Caucasian women [6] . A study conducted in Russia showed that UGT1A1*28 allele-containing genotypes were associated with breast cancer risk [7] . Adegoke et al. observed that the UGT1A1*28 allele was associated with an increased risk of breast cancer among Chinese women younger than 40 years old, but not among women 40 years old or over [8] . Another study conducted in a Chinese population showed that the proportion having the UGT1A1*28 allele was similar between cases and controls [9] .
The frequency of TA repeat polymorphisms varies among ethnic groups [4, 6, 8, [10] [11] [12] , in particular between African and non-African populations [12, 13] and this variability is suggested to be maintained by natural selection [13] . Furthermore, breast cancer is a heterogeneous disease; for example, we found hormone receptor negative breast cancer was much more common in West Africans (Olopade et al. submitted) than in US populations of African Americans and non-African Americans [14] . The mechanisms through which the UGT1A1 gene affects breast cancer risk may vary by breast cancer subtype, and the different distribution of subtypes across populations could explain the observed discrepancies regarding UGT1A1 TA repeats and breast cancer risk. In this study, we performed a comprehensive assessment of the genetic variation in the UGT1A1 gene and examined these polymorphisms, along with TA repeats, in relation to breast cancer risk in a case-control study. To our knowledge, this is the first study to examine variants other than TA repeats in the entire region of UGT1A1 gene in relation to breast cancer risk.
Materials and methods

Study sample
Breast cancer cases were identified through the Surgical Oncology and Radiotherapy units of the University College Hospital (UCH), Ibadan, Nigeria. This hospital serves a population of 3 million people and is a referral center for other hospitals in the region. Based on referral patterns, the majority of breast cancer cases diagnosed in the region would probably be seen at the UCH. All consecutive female breast cancer cases aged 18 and above, with a clinical diagnosis of invasive breast cancers between March 1998 and December 2003, were eligible. After obtaining informed consent, trained nurse interviewers recruited patients into the study, administered a structured questionnaire, measured height and weight, and obtained blood samples for genotyping. Patients were recruited and interviewed on the same day they presented at the oncology clinic. If they did not have histological diagnosis before presentation, biopsy was done and in the rare instances where histology report comes back as a diagnosis other than breast cancer, such person was removed from the study. All consecutive eligible cases were approached. The majority of them agreed to participate in the study, with a refusal rate of 4%.
During the period of case enrollment, a community adjoining the hospital was randomly selected by ballot from the list of all the communities in the hypothetical catchment area of the hospital. This community is thought to be stable, socio-economically diverse and represents the diversity of patients seen at the UCH. A community register was obtained and a meeting was arranged with community elders, during which the purpose of the study was explained to them. After obtaining assent of the elders, meetings were held at local gathering places to explain the purpose of the research to members of the community. Names were then randomly selected from the register and the individuals were invited to visit a clinic set up in the community for the study. Inclusion criteria for the controls were female, aged 18 years or older, absence of any type of cancer at the recruitment, and ability to give informed consent. After explaining the project to potential participants, a breast examination is done to rule out evidence of cancer by a trained nurse who also interviewed the participants; obtained anthropometric measurements and blood samples. Of persons invited, most came to the clinic for screening exams and only 2 individuals were found ineligible. In one case, the patient had suspected carcinoma of the head of pancreas and in the other a breast lump was found and carcinoma could not be ruled out.
The study was approved by the Institutional Review Boards of the University of Chicago and the University of Ibadan.
SNP identification and selection
Polymorphic variants occurring among Africans were identified by resequencing of the UGT1A1 gene region in 24 Nigerian individuals of Yoruba origin [15] . A total of 66 polymorphisms were identified, including (TA)n repeat polymorphism (position 174990) and an indel polymorphism (A [ AAAAGGGAGGGA) in intron 1 (position 179620). Based on these resequencing data, we made an optimal subset of map-based tagging SNPs (tSNPs) for this association study by using the algorithm implemented in LDSelect [16] . The criteria for the selection of tagging SNPs were minor allele frequency[10% and a threshold of the r 2 value at 0.8. Briefly, the LDSelect program picks up bins composed of tagging SNPs and other SNPs in linkage to the tagging SNPs in each bin based on linkage disequilibrium (LD) between SNPs at a given r 2 value, in this case, 0.8. As a result, we obtained 20 bins with tagging SNP information. The average number of tagging SNPs was 1.4 per bin, and 15 bins had single tagging SNPs which is thought to reflect the short LD pattern in Africans. For technical reason, one SNP failed to be genotyped. In addition to this set of tagging SNPs, we also included two functional SNPs, (TA)n repeat and -3279 T/G polymorphism (position 171764).
Genotyping method
Genotyping was performed using the Beckman-Coulter SNPstream Genotyping System and procedures followed the specifications for the instrument (Fullerton, CA). Primer design for PCR and Single Base Extension (SBE) was performed using Beckman-Coulter's Autoprimer software. PCR reactions were organized by SNP type. Reaction components included PCR primers at a final concentration of 50 nM, 0.2 U enzyme Hot Master Taq (Eppendorf, Hamburg, Germany), and 2-5 ng of genomic DNA per reaction. Amplifications were performed according to the manufacturer's conditions. All post-amplification steps were performed according to Beckman SNPstream specifications. Briefly, PCR clean-up was accomplished by treating reactions with 3 ll of Exo/SAP (USB, Cleveland, OH) with incubations of 30 min at 37°C followed by 10 min at 100°C. SBE reactions were performed using reagents and protocols specific to the Beckman SNPstream platform. SBE primers were present at a final concentration of 20 nM. Reactions were hybridized to Beckman Array plates and scanned by the SNPstream. Genotyping of SNPs was done by DNAPrint TM Genomics (Sarasota, FL). In order to genotype the TA repeat in the promoter region, 25 ng of DNA was subjected to PCR amplification and analyzed by Genescan software (Applied Biosystems). One set of primers [GS-F-FAM (forward): 5 0 -/6-FAM/ AGTCACGTGACACAGTCAAAC-3 0 and GS-R (reverse, pigtailed): 5 0 -GTTTCTTTTGCTCCTGCCAGAGGTT-3 0 ] was used to generate 104-110-bp fragments depending on the number of alleles. Reactions were denatured initially at 95°C for 10 min then cycled at 94°C for 30 s, 60°C for 30 s and 72°C for 30 s for 35 cycles. PCR products were diluted 1:10 prior to being run on the ABI 3100 Analyzer (Applied Biosystems).
In order to genotype the indel polymorphism, 10 ng of DNA was subjected to PCR amplification and analyzed by Genescan software (Applied Biosystems). One set of primers [FAM 179620 UGT1A1 FOR(forward): 5 0 -/56-FAM/CTCAGGGTGTTCTTGCTAC-3 0 and 179620 UG T1A1 REV (reverse): 5 0 -CACTCTCACCAGCCCCAG-3 0 ] was used to generate 154-166-bp fragments depending on the number of alleles. Reactions were denatured initially at 95°C for 10 min then cycled at 94°C for 30 s, 58°C for 30 s and 72°C for 30 s for 35 cycles. PCR products were diluted 1:8 prior to being run on the ABI 3100 Analyzer (Applied Biosystems).
Thirty-two patients had duplicate samples for genotyping and the concordance rate in genotypes in these duplicates was 98%. Most inconsistencies occurred in specimens from one patient whose data were excluded. The average genotyping success rate was 96% and similar between cases and controls.
Statistical analysis
Demographic characteristics and selected risk factors for breast cancer were compared between cases and controls using t-tests for continuous variables and chi-square tests for categorical data. Hardy-Weinberg equilibriums (HWE) for all loci were examined among cases and controls separately using a chi-square test. To examine whether genetic susceptibility for cancer risk is associated with a single locus, we compared case-control differences in genotype frequencies using chi-square tests. Logistic regression models were used to calculate odds ratios (OR) and 95% confidence intervals (CI). Multiple logistic regression models were also fit to adjust for age and ethnicities because they were different significantly between cases and controls. An analysis confined to Yorubas was also conducted. For TA repeats, we also tested for the trend by coding homozygous high activity genotypes as 0, heterozygous activity genotypes as 1, and homozygous low activity genotypes as 2, based on a previous study [12] . Stratified analysis was conducted by menopausal status and age group (\45 and ‡45 years old), and interactions between UGT1A1 genotypes and menopausal status or age were tested in logistic regression models.
Haplotype analysis was conducted to capture other unmeasured variants which may affect susceptibility to cancer. Haplotypes were reconstructed using a Bayesian statistical method implemented in PHASE 2.1 [17] . To describe the haplotype diversity, we calculated the effective number of haplotypes, defined as Ne = 1/RPi 2 , where Pi is the relative frequency of the ith haplotype [16] . The UGT1A1 gene region was partitioned into haplotype blocks-regions of high LD with low haplotype diversity-using algorithms of Patil et al. [18] and implemented in HaploBlockFinder [19] . Within each block, we compared haplotype frequencies between cases and controls, and calculated the odds ratio for carriers of each haplotype versus non-carriers using logistic regression models. To account for the uncertainty in haplotype assignment and imputation of missing genotypes, 100 replicate data sets were generated from the posterior distributions in PHASE package and analyzed using logistic regressions in SAS 9.1 (SAS Institute, Cary, NC). The log ORs were combined using Rubin's formula [20] . In this multiple imputation procedure, 100 was chosen as the number of imputations to keep the efficiency of parameter estimation greater than 99.8% for the fraction of missing information up to 0.15.
Results
There were 738 participants genotyped for UGT1A1: 512 breast cancer cases and 226 controls. On average, cases were 5 years older than controls ( Table 1 ). The majority of study participants were Yoruba, and other ethnicities include Hausa and Ibo. Many cases were diagnosed at an advanced stage of cancer. Cases were significantly more likely to report a family history of breast cancer. There were more post-menopausal women in cases than in controls. Cases had larger waist-to-hip ratio than controls and were more likely to drink alcohol than controls. The education level and socioeconomic status were slightly higher in cases than in controls. Cases and controls were comparable in the location of residence, age at menarche, hormone contraceptive use, and body mass index. Table 2 displays the description of the TA repeat, the deletion/insertion polymorphism, and 19 single nucleotide polymorphisms, including chromosome location, nomenclature of the Human Genome Variation Society, dbSNP ID for known SNPs, and variants. In controls, all markers followed HWE except for markers 13 and 18 (P = 0.02 and 0.03, respectively). In cases, only TA repeats and markers 8 and 17 departed from HWE, but the tests for HWE were no longer significant after stratification by ethnicity. These departures from HWE may be due to chance alone. The allele frequencies of TA repeats were similar between cases and controls. The A allele frequency of marker 2 was slightly higher in controls than in cases (P = 0.03). No significant differences were observed for the remaining 19 markers. Table 3 presents the genotype frequency of the TA repeats, which was statistically significantly different between cases and controls (Fisher's exact test, P = 0.049). Cases were more likely to have the 6/6 genotype, while controls were more likely to have the 5/6 and 6/7 genotypes. As a previous study showed that 5 and 6 repeats (allele *36 and *1, respectively) were associated with high UGT1A1 transcriptional activity, and 7 and 8 repeats (alleles *28 and *37, respectively) represented low activity alleles [12] , we grouped subjects into 3 categories: genotypes with low activity alleles only (7/7, 7/8, 8/8), genotypes with high activity alleles only (5/5, 5/6, 6/6), and genotypes with heterozygous activity alleles (5/7, 5/8, 6/7, 6/8) (see Table 3 ). Overall, there was no significant association between the TA repeat genotypes and risk of breast cancer (P = 0.14 for trend). However, we observed a statistically significantly differential effect of TA repeat genotype by menopausal status (P = 0.01 for interaction): in premenopausal women, low activity genotypes were associated with decreased risk of breast cancer (P = 0.009 for trend); while low activity genotypes was not associated with breast cancer risk in postmenopausal women (P = 0.24 for trend). After adjusting for age and ethnicity, the interaction remained statistically significant (P = 0.03 for interaction). The adjusted odds ratio for 7 or 8 allelecontaining genotypes was 0.53 (95% CI 0.28-1.00) compared with 5 or 6 allele-containing genotypes in premenopausal women.
Similarly, we observed a significantly differential effect of the TA repeat genotype according to age group (P = 0.002 for interaction): low activity genotypes were associated with decreased risk of breast cancer in women \45 years old (P = 0.002 for trend) but not in women ‡45 years old (P = 0.15 for trend). After adjusting for age and ethnicity, this interaction was still significant (P = 0.007 for interaction). The adjusted odds ratio for 7 or 8 allele-containing genotypes was 0.47 (95% CI 0.24-0.94) compared with 5 or 6 allele-containing genotypes in women younger than 45. Analysis restricted to Yoruba only and the multivariate analysis adjusting for potential confounders listed in Table 1 gave similar results (data not shown).
For the whole UGT1A1 gene region, haplotypes were highly diverse. There were 5 common haplotypes with a frequency greater than 5% in both cases and controls. But they only represented 36% and 37% of the chromosomes in cases and controls, respectively. As an index of haplotype diversity, the effective number of haplotype was 25.5 for cases and 26.4 for controls. To capture the haplotype diversity and efficiently compare haplotype frequencies between cases and controls, four haplotype blocks were identified ( Fig. 1) : block 1 (markers 1-5, 3.2 kb) spanned the upstream region of UGT1A1, also called the phenobarbital-responsive enhancer module; block 2 (markers 6-13, 6.0 kb) ranged from intron 1 to intron 3; block 3 (markers 14-15, 0.4 kb) included two markers in introns 2 and 3; block 4 (markers 16-21, 6.9 kb) spanned the 3 0 UTR of exon 5. These partitions were also consistent with recombination hotspots indicated by recombination probabilities calculated during haplotype reconstruction. Table 4 shows the haplotype frequency by blocks in cases and controls. Percentages rather than absolute numbers (not integers) are presented because they are averaged from 100 imputations. No global tests for haplotype effects were significant for any block. However, carriers of the CTTC + CA haplotype in block 2 had a significantly higher risk of breast cancer than non-carriers of this haplotype (OR 2.14, 95% CI 1.05-4.39; P = 0.04). After adjusting for age and ethnicity, this association remained significant (P = 0.04). Table 5 presents the frequency of haplotype pairs (diplotype) for CTTCC + CA. When stratified by menopausal status, the percentage of homozygosity or heterozygosity for CTTCC + CA was higher in cases than in controls among both premenopausal and postmenopausal women. The stratified analysis by age revealed that the association existed in both women ‡45 years old and women \45 years old. Although this haplotype was linked to the 6 repeat of TA (UGT1A1*1), its association with breast cancer risk was still significant after adjusting for TA repeats because this haplotype existed in only 10.5% of all 6 allele-containing chromosomes (data not shown). On the other hand, after excluding subjects with the CTTTCC + CA haplotype, the interactions of TA repeats with menopausal status or age remained significant (data not shown).
Discussion
Previous studies have observed that the wild-type allele (UGT1A1*1) was the most common allele among Caucasian, African American and Asian populations [4, 6, 8, [10] [11] [12] . We found that the variant allele UGT1A1*28 was as common as UGT1A1*1 allele, with about 40% frequency for each allele among indigenous Africans. UGT1A1*36 and UGT1A1*37 have been observed exclusively among African Americans [4, 12, 21] , and we found that these two variant alleles were also present among indigenous Africans with slightly higher frequencies in the current study, suggesting that UGT1A1*36 and UGT1A1*37 can be used as markers for African ancestry.
All previous studies [4, 6, 8, 9] except one [7] showed that there was no overall difference between breast cancer cases and controls in the distribution of TA repeat genotypes. We found the distribution of TA repeat genotypes was significantly different between cases and controls, but the patterns were not systematic in the overall analysis. In contrast to the two previous studies conducted in African Americans [4] and in Chinese [8] , which found that 7 or 8 allele-containing genotypes were associated with elevated risk of breast cancer in premenopausal women [4] or women younger than 40 years [8] , we found that these low activity 7 or 8 allele-containing genotypes were associated with decreased risk of breast cancer among premenopausal women or those younger than 45 years old. There are several possible reasons for this discrepancy. First, other genes responsible for estrogen metabolism and environmental factors related to estrogen levels may vary across different racial populations. Although the plasma estradiol level was found to be elevated in carriers of the UGT1A1*28 allele, the elevation was confined to homozygous carriers [22] or postmenopausal women with BMI [ 27 kg/m 2 [6] . Second, UGT1A1 may also affect breast cancer development through the bilirubin pathway, as it is the primary isoenzyme responsible for bilirubin glucoronidation [1] and bilirubin is an antioxidant [23] . Researchers have hypothesized that low-activity UGT1A1 TA repeat alleles are associated with high bilirubin level, which may result in decreased cancer susceptibility due to increased antioxidant load [24] . A case-control study showed that bilirubin levels were lower in breast cancer cases than in healthy controls [25] . Therefore, bilirubin, as an antioxidant, may counteract the detrimental effect of elevated estradiol levels associated with low-activity UGT1A1 alleles in premenopausal women. A study that examined the relationship between UGT1A1 TA repeat polymorphisms and breast density, a strong predictor of breast cancer risk, showed that homozygosity for the *28 allele was associated with lower breast density in premenopausal women and higher breast density in postmenopausal women [26] . This is in line with our study's findings. Third, the UGT1A1 promoter variant may not be the true causal variant for breast cancer risk, but may be in linkage disequilibrium with the causal variant. Different haplotype structures in different populations could explain some of the inconsistencies across studies. Fourth, it is likely that the majority of our cases are hormone receptor negative as we found that West African breast cancer patients are more likely to be diagnosed with hormone receptor negative tumors (Olopade et al. submitted), suggesting that the estrogen metabolism pathway may be less important in this population. To our knowledge, this is the first study that examined the UGT1A1 gene polymorphisms other than TA repeats in relation to breast cancer risk. In the locus-by-locus analysis, none of the 19 SNPs and the insertion/deletion polymorphism were significantly different between cases and controls. However, in the haplotype analysis, we found that a specific haplotype in block 2 was significantly associated with a 2-fold elevated risk for breast cancer. Although the marker map was relatively dense with about 1 marker per 1 kb, the results of the haplotype analysis suggest that there is still an unmeasured variant that confers breast cancer risk.
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Several limitations need to be considered when interpreting the results. First, controls were younger and more likely to be Yorubas than cases, but age-and ethnicityadjusted analyses and the analyses restricted to Yorubas gave similar results, suggesting that there was no substantial population stratification. Second, there is no gold standard definition of a haplotype block, and several algorithms for haplotype block partitioning exist. Unfortunately, the block boundaries from different algorithms do not always match, and the haplotype diversity based method, which we used, tends to infer smaller block than other methods [27] . This ambiguity in haplotype block partitioning adds another barrier to the cross-population comparison. Finally, as in many genetic epidemiologic studies, the multiple comparison issue exists in this study. The analyses on TA repeats were confirmative in nature, and the tests for interaction and subgroup analyses were planned prospectively. However the analyses on other polymorphic markers were exploratory and thus the haplotype in block 2 was no longer statistically significant after the Bonferroni adjustment.
In summary, we observed that low-activity 7 or 8 alleles in the UGT1A1 gene promoter were associated with decreased risk for breast cancer in indigenous African women who were premenopausal or under 45 years old, but not in women who were postmenopausal or 45 years and above. This finding suggests that the role of UGT1A1 in breast cancer development may vary by population, presumably due to different environmental and genetic modifier effects. Both estrogen and antioxidant pathways should be explored. In addition, the mechanism by which the identified high-risk haplotype modulates cancer susceptibility warrants further investigation. 
